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ABSTRACT 
While the effects of juvenile wood tissue on solid wood products 
and paper have been known for some time, little information is 
available regarding its influence on structural flakeboard. Juvenile 
and mature wood tissue were identified by their physical and 
mechanical properties in quaking aspen (Populus tremuloides 
Michx.). Sections of juvenile and mature wood were separated from 
1-foot bolts of aspen. These sections were used to prepare three 
distinct types of structural flakeboard: juvenile wood-based, mature 
wood-based, and one formed from an equal mixture of the two. All 
forming factors were kept constant except for the wood furnish. The 
panels were tested for selected mechanical and physical properties. 
The juvenile wood-based panels performed significantly better than 
the mature wood-based in respect to modulus of rupture, thickness 
swell, and water absorption, while also exhibiting somewhat higher 
values for modulus of elasticity, internal bond strength, compres-
sive shear strength, and linear expansion. The panels made with a 
mixture of the two types of flakes did not display some of the poorer 
characteristics of the mature wood panels. 
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1 
INTRODUCTION 
The wood substance produced at an early age in a tree's life is 
commonly referred to as juvenile wood, while that produced later is 
termed mature wood. Juvenile wood is known to be physiologically 
different from mature wood and often viewed as less desirable as a 
raw material (Haygreen and Bowyer 1989). Due to the differences 
between juvenile and mature wood, it has been suggested that these 
zones of juvenile wood and mature wood should be treated as two 
distinct and independent material populations within the same tree 
(Panshin and de Zeeuw 1980). 
Juvenile wood in many tree species produces undesirable 
effects on the manufacturing and properties of most solid wood 
products. Senft and Bendsten (1985) have documented the numer-
ous adverse characteristics of juvenile wood on lumber, trusses, 
laminated beams, and finger-jointed lumber. Gorman (1985) has 
studied the role of juvenile wood in a seasonal arching phenomenon 
in wood trusses made from loblolly pine (Pinus taeda L.). Also, while 
juvenile wood can be used to produce pulp and paper of acceptable 
quality, the production cost is higher due to lower pulp yields and 
increased chemical use (Jackson and Megraw 1986; Semke 1984). 
The effects of juvenile wood on structural flakeboard have not 
been studied as extensively as in solid-wood-based and fiber-based 
products. However, it does appear that suitable structural flakeboard 
can be made from the very young wood of some species. Geimer and 
Crist (1980) conducted tests on five different Populus clones that 
ranged in age from 4 to 6 years and found that acceptable panels 
could be produced. Geimer (1986) found that satisfactory flakeboard 
could be produced from 7-year-old hybrid Populus clones, grown 
under short rotation, intensive culture conditions. Short rotation, 
intensively cultured six-year-old silver maple (Acer saccharinum 
L.) has also been reported to produce structural flakeboard with 
acceptable mechanical properties, except for its modulus of elastic-
ity values (Symonette et al. 1988). 
There has been little attempt to directly compare structural 
flakeboard made from only juvenile wood with panels made from 
mature wood of the same species. Such information is necessary to 
determine if the possible influence of juvenile wood should be 
considered when producing structural flakeboard. Both Maloney 
(1986) and Geimer (1986) have stressed the need for more detailed 
investigation of this subject. 
Quaking aspen (Populus tremuloides Michx.) was selected for 
this study because it is the most widely distributed tree species in 
2 MAFES Technical Bulletin 152 
North America (Jones and Markstrom 1973) and is considered the 
preferred species for the production of structural flakeboard in 
Canada, the Lake States, and New England. Beyond the evaluation 
of various Populus hybrids, there has been very little reported on 
the effect of the juvenile wood from naturally grown quaking aspen 
on the properties of structural flakeboard made from this species. 
The specific intent of this study was to determine if there were 
differences between certain physical and mechanical properties of 
structural flakeboard panels made from juvenile and mature wood, 
and if such differences were found, to determine the extent to which 
juvenile wood affected these properties. In addition, panels com-
posed of equal amounts by weight of each type of material, and 
designated as a 50/50 mixture, were also evaluated. The mechanical 
properties examined in the evaluation of the test panels were 
modulus of elasticity, modulus of rupture, compressive shear 
strength, and internal bond strength. The physical properties 
evaluated were board density, linear expansion, thickness swell, 
and moisture penetration (water absorption). 
CONDUCT OF THE STUDY 
Experimental Material 
Twelve trees were selected from a quaking aspen stand on 
Great Northern Paper Company land near Millinocket, Maine. The 
stand is in an extensive area of quaking and bigtooth aspen that 
originated after a wildfire burned the area in about 1930 (Filauro 
pers. comm.). No silvicultural operations are known to have been 
conducted in this aspen stand. The trees were selected on the basis 
of size, form, and absence of visual decay. The size criterion, over 10 
inches dbh, was used to ensure the selection of 35- to 50-year-old 
trees, which should contain both representative juvenile and ma-
ture wood. The form criterion, as an acceptable six- to eight-foot 
sawlog, was essential to facilitate the sawing of the logs on the 
University's sawmill. Finally, the absence-of-decay criterion was 
necessary to ensure sound experimental material with no loss of 
strength or other property variation due to factors not considered in 
the scope of the investigation. 
The designated sawlog was removed from each tree at the 
growing site and transported to the University of Maine's sawmill 
at Old Town, Maine. A center flitch and two slabs were cut from each 
log and numbered for future reference. 
The results of micro-bending tests and specific gravity deter-
minations performed on the aspen bolts were used to estimate the 
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length of the juvenile period and the Point of Maturity (POM) in age. 
The length of the juvenile period for the twelve quaking aspen trees 
selected was approximately 16 years, and the POM was estimated 
to be at about 29 years (Roos et al. 1990). 
The slabs and remaining parts of the flitch from each log were 
cut into one-foot sections, and the wood divided at 16 and 29 years 
into juvenile and mature material. The 13-year portion of wood 
material between these two age groups was discarded to eliminate 
any transitional wood effects. Following this material segregation, 
samples were placed in separate bins and sprinkled periodically 
with water to ensure that they did not dry excessively before flaking. 
Experimental Panel Preparation 
The experimental test panels were prepared at the J. M. Huber 
Corporation Research and Development Laboratory in Easton, 
Maine. The boards were produced to current company standards for 
a Vfc-inch randomly aligned structural flakeboard. Target density 
was 39 pounds per cubic foot, based on oven-dry weight and volume 
at 5 percent moisture content. 
The sections of juvenile and mature wood were reduced to 
flakes using a laboratory waferizer. The flakes were screened by 
hand using a '/i-inch wire mesh screen, and any oversized flakes and 
strands were picked out and discarded. The acceptable flakes were 
then dried to 5 percent moisture content, oven-dry basis. 
Calculations showed that 2.74 pounds of wood material, at 5 
percent moisture content, would be required for each of the surface 
and core layers. 
Each batch of flakes was combined by weight with a 2 percent 
phenolformaldehyde powdered resin, and 1 percent wax was sprayed 
under 25 psi pressure into the furnish as it mixed. After blending, 
the material for the surface furnish was separated into two equal 
parts for the face and back layers of the panel. The flakes were 
randomly spread in three layers using a forming box resting on a 
steel caul. 
The box was removed and the flakes pressed into a nominal Vi-
inch panel using a Siempelkamp hydraulic laboratory press. The 
average platen temperature was 205°C, pressing speed was desig-
nated "full" with approximately 45 seconds to stops, and press time 
was 3 minutes. The average maximum and minimum pressures 
were 215 bars and 200 bars, respectively, and the approximate 
degassing time was 35 seconds. Complete records of the forming 
process were made for each board. 
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The 50/50 mixture panels were prepared using equal weights 
of juvenile and mature wood material for each layer. These flakes 
were mixed for 5 minutes before the resin and wax were applied, and 
then for an additional 5 minutes to assure complete mixing of the 
two types of flake material. Twenty-seven panels, each measuring 
21 x 23 inches, were prepared: 11 from juvenile wood, 10 from 
mature wood, and 6 from a 50/50 mix. 
Experimental Panel Evaluation 
The test panels were evaluated at the Forest Products Labora-
tory at the College of Forest Resources, University of Maine, Orono. 
Juvenile panel number one was omitted from the remainder of the 
study because the board density was considered too low, at 37 
pounds per cubic foot. The remaining panels were evaluated to 
identify any differences in the physical and mechanical properties 
between the three panel groups. 
A cutting pattern was designed to obtain the maximum num-
ber of test samples from each panel and to provide for samples in 
both planes of the panel to assure that any strength differences that 
existed along or across the panel would be detected. From each of the 
experimental panels, two static bending specimens, two linear 
expansion specimens, four compressive shear strength specimens, 
two internal bond test specimens, and one thickness swell specimen 
were obtained. 
All tests were conducted according to ASTM D 1037-87, Stan-
dard Methods of Evaluating the Properties of Wood-Based Fiber 
and Particle Panel Materials (ASTM 1989). There were three 
exceptions to this standard in the testing procedure due to the small 
study panel size. The linear expansion specimens were 10 inches 
long, rather than the 12 inches recommended by ASTM, and the 
specimens were conditioned from 12 percent to 90 percent equilib-
rium moisture content rather than from 50 percent to 90 percent. 
The thickness swell and water absorption specimens were 6-x-6-
inch squares, instead of the 12-x-12-inch squares suggested in the 
standard. 
Analytical Methods 
Descriptive statistics were generated using the SAS MEANS 
procedure (SAS Institute 1985). T-tests were used to evaluate 
possible differences for each property, except thickness swell and 
water absorption, along and across the panel. This was done to 
confirm the random flake orientation assumed for the panel. 
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Analysis of values from groups of panels was made using t-
tests between the juvenile and mature wood-based samples. If a 
significant difference (P<0.05) was found, a complete analysis of 
variance was conducted on results from all three groups to confirm 
that either the juvenile or mature group mean was different from 
the other two. Together with analysis of variance, a test of means 
was used to determine which of these means were significantly 
different. The P<0.05 level was termed significant, and the PsO.Ol 
level, highly significant. 
All t-tests were performed following the SAS t-test procedure 
(SAS Institute 1985). The SAS GLM procedure was used for the 
analysis of variance, since it takes into account populations of 
unequal sizes, as was the case in this study, whereas the common 
SAS ANOVA program does not (SAS Institute 1985). Scheffe's S 
method was employed to test for differences between the means in 
the analyses of variance because this method is better suited to 
sample groups of unequal size (Berenson et al. 1983; SAS Institute 
1985). 
RESULTS AND DISCUSSION 
Comparison to Standard Values for Flakeboard 
The general processing objective in manufacturing structural 
flakeboard is to produce a panel with the maximum strength, 
stiffness, and dimensional stability possible, while maintaining a 
minimum board density and weight. The density and weight of the 
finished flakeboard are important because they determine ease in 
machining and handling. Haygreen and Bowyer (1989) state that 
the goal of structural flakeboard production is to maintain panel 
density as low as possible while developing the strength properties 
required by an acceptable standard or the purchaser. Structural 
flakeboard with adequate strength can be produced from aspen 
while maintaining the density as low as 39 pounds per cubic foot, the 
lower criteria limit for medium density particleboard (Haygreen 
and Bowyer 1989). The target density on the boards produced for 
this study was 39 pounds per cubic foot, and the actual average 
density obtained for all three groups was 38.7 pounds per cubic foot. 
Mean panel density of each sample group is presented in Table 1. 
The panels prepared for this study compare favorably to the 
minimum standards set by ANSI A208.1-1979 for mat-formed wood 
particleboard (ANSI 1979). The ANSI standard specifies a mini-
mum requirement for modulus of rupture (MOR) of 3000 psi and for 
modulus of elasticity (MOE) of 500,000 psi (ANSI 1979). Both the 
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Table 1. Descriptive statistics for selected mechanical properties 
of three types of structural flakeboard made from quaking 
aspen. 
Note: Mixture made from equal parts of juvenile and mature wood 
material. 
Abbreviations: n = sample size; x = mean; cv = coefficient of variation. 
juvenile and ma tu re groups of panels surpassed these s t andards for 
s t ruc tura l flakeboard. The juvenile wood group had an average 
MOR of 4941 psi and an average MOE of 699,763 psi; the ma tu re 
wood group had an average MOR of 4147 psi and an average MOE 
of 674,273 psi. The 50/50 mix panels also compared favorably with 
the s tandards , having an average MOR of 4394 psi and an average 
MOE of 685,069 psi. The mean values of MOR and MOE for all three 
test groups appear in Table 1. 
Effects of Species Density 
The single most important pa ramete r in determining the final 
s t rength and dimensional stability of finished s t ruc tura l flakeboard 
is considered the density or specific gravity of the species used 
(Foster 1967; Haygreen and Bowyer 1989; Kelly 1977; Maloney 
1977; Vital et al. 1974; Woodson 1976). Generally, a conventional 
flakeboard with a density lower t han the specific gravity of the wood 
furnish used to make it will be unacceptable (Hse 1975; Larmore 
Panel Type 
Board 
Density 
(lbs/cu ft) 
MOE 
(psi) 
Propertv 
MOR 
(psi) 
Compressive 
Shear 
(psi) 
Internal 
Bond 
(psi) 
Juvenile 
n 10 20 20 40 13 
X 38.40 699763 4941 566 30.92 
cv 1.798 13.251 18.462 29.639 46.626 
Mature 
n 10 20 20 40 14 
X 38.82 674273 4147 518 24.01 
cv 1.207 15.812 23.576 32.468 37.576 
Mixture 
n 6 12 12 24 10 
X 38.82 685069 4394 564 27.87 
cv 0.301 11.560 22.292 28.944 19.032 
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1959; Suchsland 1967; Vital et al. 1974). Suchsland (1959) deter-
mined that relative compression area, not the more commonly 
accepted board density, is the most significant factor in developing 
strength in a flakeboard. However, it was several years until 
investigators directed attention to this relationship between board 
density and species density, and the influence it has on the mechani-
cal and physical properties of structural flakeboard. This ratio 
between board density and species density is commonly referred to 
as the compaction ratio of the panel. 
To produce satisfactory contact between flakes, it is usually 
necessary to compress the board to a density 1.2 to 1.6 times that of 
the wood furnish (Haygreen and Bowyer 1989). Maloney (1986) 
states that a compaction ratio of 1.3 provides a suitable guideline for 
determining if a species can be made into medium density flakeboard. 
In this study, compaction ratios average 1.63 for the juvenile wood 
panels and 1.38 for the mature wood panels. 
Effects of the compaction ratio in flakeboard have been studied 
since the early 1970s. Most investigators have concluded that the 
strength, MOR, is affected by increasing compaction ratio, and that 
the stiffness, MOE, apparently is affected to a lesser extent (Hse 
1975; Kelly 1977; Rice and Carey 1978; Stewart and Lehmann 1973; 
Vital et al. 1974). In contrast, there is considerable disagreement 
between investigators on the effect of increasing compaction ratio 
on the dimensional stability and water absorption of flakeboard. 
Rice and Carey (1978) found that thickness swell and water absorp-
tion increased with increasing compaction ratio. Vital et al. (1974) 
determined that for all wood species they studied, panels with 
higher compaction ratios always absorbed less water and exhibited 
less swelling. 
Results of Panel Testing 
The effects of juvenile wood tissue upon the physical and 
mechanical properties of structural flakeboard appear to be con-
trolled primarily by the influence of the compaction ratio. This 
investigation was designed to exclude or randomize all possible 
influences of flakeboard production on the strength and dimen-
sional stability of the finished panel except for the wood furnish: i.e., 
juvenile wood versus mature wood furnish. The specific gravity of 
the juvenile wood was 0.377 and that of the mature wood, 0.445 prior 
to the production of the panels (Roos et al. 1990). There was no 
significant difference between the average board density of the 
juvenile and mature panel groups (Table 3). This, however, resulted 
in a large difference in compaction ratios for the two groups of 
panels. 
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Table 2. Descriptive statistics for selected physical propert ies of 
three types of s t ructura l flakeboard made from quaking 
aspen. 
Thickness Swell (: in) Percentage Moisture Content 
Linear 
Panel Type Expansion 2hr 24 hr original 2hr 24 hr 
Juvenile 
n 20 10 10 10 10 10 
X 0.0124 0.0265 0.0986 431 11.51 28.25 
cv 34.392 38.473 18.916 6.051 17.032 22.699 
Mature 
n 20 10 10 10 10 10 
X 0.015 0.0782 0.1564 4.48 25.66 50.49 
cv 24.399 20.437 15.936 9.677 24.701 17.959 
Mixture 
n 12 6 6 6 6 6 
X 0.0097 0.0455 0.1289 4.65 15.68 37.58 
cv 27.538 23.179 12.437 4.206 11.672 14.616 
Note: Mixture made from equal parts of juvenile and mature wood 
material. 
Abbreviations: n = sample size; x = mean; cv = coefficient of variation. 
Table 3. Statist ical summary for selected mechanical and physical 
properties between three types of s t ruc tura l flakeboard 
made from quaking aspen. 
T-test ANOVA 
Between Between Scheffe' sTest of Means 
Property Juv and Mat All Groups J-M J-Mix M-Mix 
Board Density NS NS NS NS NS 
MOE NS NS NS NS NS 
MOR S* S* S* NS NS 
Compressive Shear NS NS NS NS NS 
Internal Bond NS NS NS NS NS 
Linear Expansion NS NS NS NS NS 
Thickness Swell 
2 hour S** S** S* S* S* 
24 hour S** S** S* S* NS 
Moisture Content 
Original NS NS NS NS NS 
2 hour S** S** S* NS S* 
24 hour S " s** S* NS S* 
Three type of panels were juvenile (JUV.J), mature (MAT, M) and a mixture of the two 
(Mix) 
NS = Not Significant; S = Significant; * = Significant at the 0.05 level; ** = Significant 
at the 0 01 level 
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Orientation Effects 
T-tests were performed on all mechanical property and linear 
expansion values to test for differences along and across the experi-
mental panels. This was necessary to confirm that the panels 
evaluated were indeed random in orientation. No significant differ-
ences were found for any property along or across the panel. 
Therefore, it was concluded that the panels prepared were random 
in regard to furnish, and the effect of flake orientation did not have 
to be considered when interpreting the results of the mechanical 
and linear expansion tests. 
Compressive Shear Test 
The compressive shear strength of the panels was evaluated 
using the Minnesota Compressive Shear Test. The Minnesota 
Shear Test (MST) is primarily an indicator of internal board quality 
(Hall and Haygreen 1983). There were no meaningful differences 
between the average compressive shear values of the juvenile wood 
and mature wood panels, as shown in Table 3. This suggests that 
there was sufficient resin-wood contact in both types of boards, and 
that the difference between the compaction ratio values of the two 
groups may not be critical for this property. The MST has been used 
to estimate internal bond strength (Hall and Haygreen 1983), but 
the available literature is inconsistent and very limited as to the 
effect of compaction ratio on this characteristic. 
Internal Bond Strength 
Vital et al. (1974) reported a decrease in internal bond (IB) 
strength at a constant board density as the compaction ratio 
increased from 1.2 to 1.6. This was attributed to an increase in flake 
damage at high compaction levels. In contrast, Hse (1975) found 
increasing IB strength with increasing compaction ratios, ranging 
from 0.9 to 1.5. In this study, no significant difference was found to 
exist between the juvenile and mature wood panels in regard to 
internal bond strength (Table 3). However, the juvenile wood 
panels, with higher compaction ratios, did show a higher average IB 
strength than the mature wood panels (Table 1). This may suggest 
increased bonding between resin and wood in the juvenile panel 
group. The narrow range of the compaction ratio values, together 
with the limited number of test specimens, may not have revealed 
differences in the compressive shear and IB strength values of the 
juvenile and mature wood panels in this study. 
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Bending Strength 
All prior studies of the effect of compaction ratio on MOR have 
shown an increase in this value with increasing compaction ratio. 
Rice (1982) found a close correlation between compaction ratio and 
MOR when board density was held constant. Hse (1975) showed a 
high level of correlation between compaction ratio and MOR for 
particleboards produced from nine different hardwood species, 
ranging from relatively low to high in specific gravity. Howard 
(1974), working with flakeboards produced from slash pine stems 
and root materials, found a higher MOR for boards produced from 
root material than from stem material at identical board densities. 
He attributed this to the higher compaction ratio of the root material 
panels. Vital et al. (1974) found that boards made from four exotic 
hardwoods of varying specific gravity and constant board densities 
yielded higher MOR values as the compaction ratio increased from 
1.2 to 1.6. 
In this study a significant difference existed in MOR values 
between the juvenile and mature panels. An analysis of variance 
also proved significant, and from a test of the mean values it was 
found that the two groups that differed were from the juvenile and 
mature wood-based panels (Table 3). 
The juvenile panels had a 16 percent higher MOR, on the 
average, than the mature panels. The average MOR was 4941 psi for 
the juvenile panels and 4147 psi for the mature panels, a difference 
of 794 psi. The panels produced with a 50/50 mixture of juvenile and 
mature wood had an average MOR value between those of the two 
other groups, 4394 psi, as shown in Table 1. This might be expected 
because the panel should exhibit strength values indicative of both 
juvenile and mature wood. 
MOE and MOR are affected similarly by various processing 
parameters in flakeboard (Kelly 1977). As the board density in-
creases, both MOR and MOE increase, but at different rates. Hse 
(1975) found that over a large range of species with varying specific 
gravities, the increase in MOE was closely related to a rise in the 
compaction ratio. Vital et al. (1974), in their study of exotic hard-
woods, also found a significant relationship between compaction 
ratio and MOE, but to a lesser extent. As stated previously, while not 
always significant, a relationship between increasing compaction 
ratio and increasing MOE has been observed by many investigators. 
There was no significant difference in MOE values between 
the juvenile and mature wood panels tested in this study, but the 
relationship found by other researchers was evident. The juvenile 
panels exhibited a higher MOE value than the mature panels, 
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consistent with the higher compaction ratio. The 50/50 mix panels 
had an average MOE value midway between that of the other two 
groups, similar to the pattern shown in MOR values. 
Linear Expansion 
The relative linear expansion of flakeboard when exposed to 
moisture is typically much less than swelling in thickness, but 
substantially greater than the longitudinal swelling of solid wood 
(Kelly 1975). Vital et al. (1974) found only a slightly greater linear 
expansion with increasing compaction ratio, while Suchsland (1967) 
found no clear relationship between compaction ratio and linear 
expansion. It is widely assumed that linear expansion is more 
dependent on other factors, such as flake geometry and alignment, 
than on board or species density (Kelly 1977; Lehmann and Hefty 
1973). 
As shown in Tables 2 and 3, it was found that the juvenile wood 
panels, on average, exhibited a slightly higher linear expansion 
than the mature wood panels. This difference, however, did not 
appear significant. The 50/50 mixture panels did not repeat the 
pattern of response observed in the other properties studied. The 50/ 
50 panels actually displayed a lower linear expansion than either 
the juvenile or mature wood panels, although no explanation can be 
offered for this behavior. 
Thickness Swell and Moisture Retention (Water Absorption) 
The thickness swelling of flakeboard is commonly regarded as 
the single most important market constraint in using structural 
flakeboard rather than plywood or solid lumber. The magnitude of 
change is notably greater than might be expected from the normal 
shrinking and swelling of solid wood material (Kelly 1977). Any 
forming factors identified that might reduce the thickness swelling 
and water absorption of flakeboard are important and deserve 
further examination. 
As stated earlier, there is some disagreement among investi-
gators as to the effect that the compaction ratio has on the thickness 
swelling and water absorption of flakeboard. It appears from the 
results of this study that the compaction ratio does influence the 
swelling and water absorption of structural flakeboard to some 
degree. 
Analysis of the response of the juvenile and mature wood 
panels revealed a highly significant difference in thickness swell 
and moisture content at both the 2-hour and 24-hour intervals 
(Table 3). An analysis of variance of all three groups also proved 
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highly significant and a test of the means further confirmed the 
significant difference between the juvenile and mature panel groups. 
After 2 hours of submersion in water, the mature wood panels 
swelled an average of 66 percent more than the juvenile wood 
panels. The mature panels had an average expansion of 0.0782 inch, 
compared to 0.0265 inch in the juvenile panels, a difference of 0.0517 
inch (Table 2). The average change in the original thickness was 
5.07 percent for the juvenile panels and 14.94 percent for the mature 
panels, almost three times as much. The mature panels had an 
average moisture content of 25.66 percent, compared to 11.51 
percent for juvenile panels, a difference of 14.15 percent (Table 2). 
This represents an average of 40.4 grams of water absorbed by the 
mature group and 14.9 grams by the juvenile group, or a difference 
of 25.5 grams. 
After 24 hours of water submersion, the differences between 
the two panel groups were less dramatic, but still significant. The 
mature wood panels swelled, on average, 40 percent more than the 
juvenile wood panels. The mature panels displayed an average swell 
of 0.1564 inch, compared to 0.0986 inch for the juvenile panels, a 
difference of 0.0578 inch. The average percentage swell from origi-
nal thickness was 18.85 percent for the juvenile panels and 29.87 
percent for the mature panels, over 1.5 times greater. After soaking, 
the mature panels had a mean moisture content of 50.49 percent 
compared to 28.25 percent for the juvenile wood panels, a difference 
of 22.24 percent. This represents an average of 96.4 grams of water 
absorbed by the mature wood panels and 49.8 grams absorbed by the 
juvenile wood panels, a difference of 46.6 grams. 
The degree of moisture-related movement found in the experi-
mental flakeboard panels prepared from mature wood could cause 
serious problems in sheathing and sub-flooring. Nails could pull out, 
floors or walls might buckle, and the structural integrity of the 
building could be compromised. Also, with the increased water 
retention of these panels, decay of the flakeboard and associated 
solid wood components could occur in exposed panels if an avenue 
for the removal of such moisture is not available. 
As with most of the properties measured, the thickness swell-
ing and moisture content results of the 50/50 mix panels were about 
midway between the values obtained for the juvenile and mature 
wood panels. This suggests that while not as good as the juvenile 
panels, the 50/50 mix did produce some improvement over the 
poorer characteristics of the mature wood furnish. 
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The reduced thickness swelling and moisture absorption of the 
test panels formed from juvenile wood has been attributed to the 
higher compaction ratio of this material. The water migration into 
the more compacted boards may have occurred at a more moderate 
rate due to the decreased accessibility and increased wood sub-
stance present (Kelly 1977; Vital et al. 1974). This seems to be the 
most immediate explanation since all the forming specifications 
were held constant except for the differences in specific gravities of 
the wood furnish, which are reflected in the difference in compac-
tion ratios between the juvenile and mature wood panels. 
CONCLUSIONS AND RECOMMENDATIONS 
The results of this study indicate that suitable structural 
flakeboard panels, such as oriented strandboard and waferboard, 
can be produced from quaking aspen that contains large amounts of 
juvenile wood, and that in terms of certain mechanical and physical 
properties, these panels are superior to panels made of mature 
wood. This appears to be related to the higher compaction ratio 
obtained using juvenile wood with a lower specific gravity than 
comparable mature wood furnish. While panel density remained 
essentially constant between the groups, the higher compaction 
ratio of the juvenile wood panels apparently resulted in a signifi-
cantly higher modulus of rupture and significantly less thickness 
swelling and water absorption compared to the mature wood panels. 
Although not statistically significant, the wood panels made from 
juvenile wood also exhibited higher values for modulus of elasticity, 
compressive shear strength, and internal bond strength, and lower 
values for linear expansion. In respect to these characteristics, 
flakeboard made from juvenile wood was comparable to panel 
material made from mature wood. 
This should provide some reassurance to both the structural 
flakeboard industry and the silviculturist. Whereas both the solid 
wood and plywood industries must contend with the adverse effects 
of juvenile wood on their final products, the structural flakeboard 
industry, which uses quaking aspen as a primary raw material, 
could benefit in some ways from the use of juvenile wood. The 
silviculturist can grow quaking aspen on short, intensively cultured 
rotations while still producing a raw material suitable for structural 
flakeboard. However, there is one additional point that must be 
considered. It would require more wood furnish to produce a 
structural flakeboard made of juvenile wood. This could lead to 
increased production costs and possibly require increased prices at 
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the retail level. There is, however, the possibility that this increased 
raw material cost could be negated by the increase in the supply of 
available raw material possible under short rotations. 
A more comprehensive investigation involving quaking aspen 
should be considered to further confirm the results presented in this 
study. The effects of the juvenile wood of other species used as a raw 
material for structural flakeboard should also be examined to see if 
they also reflect these findings. Additional insight as to the effects 
of compaction ratio on the mechanical and dimensional stability 
characteristics of structural flakeboard is also needed to clarify the 
conflicting results evident in the current literature. 
There are many characteristics of juvenile wood, such as 
shorter cell lengths, decreased cellulose content of the cell walls, and 
increased micro-fibril angle of the secondary cell wall, that could 
affect the mechanical and physical properties of structural flakeboard. 
However, the role of the specific gravity of the wood furnish on the 
compaction ratio should be ascertained as a necessary step to 
further research. 
MAFES Technical Bulletin 252 15 
LITERATURE CITED 
American National Standards Institute. 1979. ANSI Standard A208.1-
1979, Mat-formed wood particle board. National Particle Board 
Association, Silver Spring, MD. 
American Society for Testing and Materials. 1989. ASTM Standard D 
1037-87. Standard methods of evaluating the properties of wood-
based fiber and particle panel materials. ASTM Standards, Sec. 4, 
Vol. 04.09. Philadelphia, PA. 
Berenson, M.L., D.M. Levine, and M. Goldstein. 1983. Intermediate 
Statistical Methods and Applications. Prentice-Hall, Inc., 
Englewood Cliffs, NJ. 
Filauro, A. 1988. Personal communication. Research Forester, Great 
Northern Paper Company, Millinocket, ME. 
Foster, W.G. 1967. Species variation. In Proceedings of First 
Symposium on Particleboard, pp. 13-22. Washington State 
University, Pullman. 
Geimer, R.L. 1986. Properties of structural flakeboard manufactured 
from 7-year-old intensively cultured poplar, tamarack, and pine. 
Forest Products Journal 36(4): 42-46. 
Geimer, R.L., and J.B. Crist. 1980. Structural flakeboard from short 
rotation, intensively cultured hybrid Populus clones. Forest 
Products Journal 30(6): 42-48. 
Gorman, T.M. 1985. Juvenile wood as a cause of seasonal arching in 
trusses. Forest Products Journal 35(11/12): 35^40. 
Hall, H.J., and J.G. Haygreen. 1983. The Minnesota shear test. Forest 
Products Journal 33(9): 29-32. 
Haygreen, J.G., and J.L. Bowyer. 1989. Forest Products and Wood 
Science, 2nd ed. Iowa State University Press, Ames. 
Howard, E.T. 1974. Slash pine rootwood in flakeboard. Forest Products 
Journal 24(6): 29-35. 
Hse, C.Y. 1975. Properties of flakeboards from hardwoods growing on 
southern pine sites. Forest Products Journal 25(3): 48-53. 
Jackson, M., and R.A. Megraw. 1986. Impact of juvenile wood on pulp 
and paper products. In Proceedings of a Cooperative Technical 
Workshop on Juvenile Wood. Forest Products Research Society, 
Madison, WI. Proceedings No. 47309. 
Jones, R.J., and D.B. Markstrom. 1973. Aspen...an American wood. 
U.S. Department of Agriculture, Forest Service Publication FS-217. 
16 MAFES Technical Bulletin 152 
Kelly, M.W. 1977. Critical literature review of relationships between 
processing parameters and physical properties of particleboard. 
U.S. Department of Agriculture, Forest Service, Forest Products 
Laboratory, Madison, WI. General Technical Report FPL-10. 
Larmore, F.D. 1959. Influence of specific gravity and resin content on 
properties of particleboard. Forest Products Journal 9(4): 131-134. 
Lehmann, W.F., and F.V. Hefty. 1973. Resin efficiency and dimensional 
stability of flakeboards. U.S. Department of Agriculture, Forest 
Service, Forest Products Laboratory, Madison, WI. Research Paper 
FPL-207. 
Maloney, T.M. 1977. Modern Particle and Dry-Process Fiberboard 
Manufacturing. Miller Freeman Publications, Inc. San Francisco. 
. 1986. Juvenile wood-problems in composition board products. In 
Proceedings of a Cooperative Technical Workshop on Juvenile Wood. 
Forest Products Research Society, Madison, WI. Proceedings No. 
47309. 
Panshin, A.J., and C. de Zeeuw. 1980. Textbook of Wood Technology, 4th 
ed. McGraw-Hill, New York. 
Rice, J.TV 1982. Compaction ratio and resin coverage effects on 
properties of thick, phenolic-bonded flakeboard. In Proceedings of a 
Workshop on the Durability of Structural Panels. U.S. Department 
of Agriculture, Forest Service, Forest Products Laboratory, 
Madison, WI. General Technical Report SO-53. 
Rice, J.T., and R.H. Carey. 1978. Wood density and board composition 
effects on phenolic resin-bonded flakeboard. Forest Products 
Journal 28(4): 21-28. 
Roos, K.D., J.E. Shottafer, and R.K. Shepard. 1990. The relationship 
between selected mechanical properties and age in quaking aspen. 
Forest Products Journal 40(7/8): 54-56. 
SAS Institute Inc. 1985. SAS User's Guide: Statistics Version, 5th ed. 
Cary, NC. 
Semke, L.K. 1984. Effect of juvenile pine fibers on kraft paper 
properties. In Utilization of the Changing Wood Resource in the 
Southern United States. North Carolina State University, Raleigh. 
Senft, J.F., B.A. Bendsten, and W.L. Galligan. 1985. Weak wood: Fast 
grown trees make problem lumber. Journal of Forestry 83(8): 476-
484. 
Stewart, H.A., and W.F. Lehmann. 1973. High-quality particleboard 
from cross-grain, knife-planed hardwood flakes. Forest Products 
Journal 23(8): 52-60. 
MAFES Technical Bulletin 152 17 
Suchsland, O. 1959. An analysis of the particleboard process. Quality 
Bulletin 42(2): 350-372. Michigan Agricultural Experiment Station, 
Michigan State University, East Lansing. 
. 1967. Behavior of a particleboard mat during the pressing cycle. 
Forest Products Journal 17(2): 51-57. 
Symonette, T.A., K. Mon-Lin, and R.B. Hall. 1988. Properties of 
flakeboard from short-rotation, intensively cultured silver maple 
{Acer saccharinum L.). Forest Products Journal 38(5): 46—48. 
Vital, B.R., W.F. Lehmann, and R.S. Boone. 1974. How species and 
board densities affect properties of exotic hardwood particleboards. 
Forest Products Journal 24(12): 37-45. 
Woodson, G.E. 1976. Properties of medium-density fiberboard related to 
hardwood specific gravity. In Proceedings of Tenth Symposium on 
Particleboard, pp. 175-192. Washington State University, Pullman. 
